■ KEY POINTS
Two new combination vaccines against tetanus, diphtheria, and pertussis are approved for use in adolescents. They contain different amounts of the antigens than the vaccines used in infants.
A conjugate meningococcal vaccine is approved for people 11 to 55 years of age. It is recommended for preadolescents and others at risk, such as college freshmen and military recruits.
A newly approved vaccine covers the four serotypes of HPV that cause most cases of cervical cancer and genital warts. It should be given to all preadolescent girls before the onset of sexual activity and to other female patients up to 26 years of age who wish to reduce their risk.
RETEENS AND TEENAGERS will be getting more shots as part of their routine immunization schedule now that new vaccines have been approved against:
• Pertussis-the only vaccine-preventable disease for which case numbers are rising (Children are already vaccinated against pertussis, but vaccinations during childhood alone will not control this disease.) • Meningococcal disease-a disease with a peak incidence in adolescents and young adults and associated with a high risk of death in this age group • Human papillomavirus (HPV)-a sexually transmitted infection often acquired in adolescence, a period of development marked by high-risk behaviors, including sexual activity.
■ BUILDING ON PAST SUCCESSES
Vaccines have been one of the most successful means of preventing sickness and death worldwide. In the United States, cases of most of the diseases that are preventable by vaccines have been reduced by almost 99% from their incidence in the prevaccine era (TABLE 1) . 1 Polio has been eradicated from the Western Hemisphere, 2 and indigenous measles transmission has been interrupted in the Americas. Building on these successes, a number of new vaccines have been added to the US childhood and adolescent immunization schedule, so that children are now routinely vaccinated against up to 16 infectious diseases. 3 The schedule also meshes with the need for those who provide routine health care to monitor growth and development and to provide anticipatory guidance. Indeed, the scheduled health care visits of the first year have been built around the vaccination schedule.
State laws that require children to be vaccinated before they enroll in school have helped boost coverage rates to a fairly high level in the last decade, although there is room for improvement. 4 In contrast, coverage rates have been lower in adolescents and adults, due in part to fewer opportunities for health care visits.
Recent additions to the vaccination schedule are bundled in a preadolescent visit at 11 to 12 years of age (TABLE 2) . [5] [6] [7] However, the Society for Adolescent Medicine recommends that we bring adolescents into the office at least three times: at age 11 to 12, at age 14 to 15, and at age 17 to 18. These visits would give us the opportunity not only to vaccinate them but also to do comprehensive health screening and anticipatory care. 5 Another advantage would be that they could be vaccinated while they are still covered by their parents' insurance or by the Vaccines for Children program.
■ PERTUSSIS (WHOOPING COUGH)

May be subtle in adolescents and adults
The clinical spectrum of pertussis ranges from an illness indistinguishable from a cold to classic whooping cough, depending on the degree of preexisting immunity. In people with preexisting immunity, such as adolescents and adults, the features of pertussis may be less severe and so it often goes unrecognized.
In children, classic whooping cough progresses through three phases:
• The catarrhal phase, characterized by rhinorrhea and mild cough. The severity of the cough increases over 1 to 2 weeks, leading to… • The paroxysmal phase, in which patients go through repetitive series of 5 to 10 or more forceful coughs during a single expiration. The paroxysms may be followed by a massive inspiratory effort, producing the characteristic "whoop." • The convalescent phase lasts from a few weeks to as long as 3 months and is characterized by decreasing frequency and severity of cough episodes. In adults, the most commonly reported symptoms are protracted cough lasting 3 to 6 weeks (41%-52%), nighttime cough (56%-78%), and pharyngitis (31%-86%). Less frequent symptoms include post-tussive emesis (7%-45%), whoop (7%-35%), cyanosis (6%-12%), and apnea (15%-37%). [8] [9] [10] [11] [12] Other reported complaints include cough exacerbated by eating, drinking, exertion, or a change in climate. Differing from classic whooping cough in young children, lymphocytosis is often absent in adolescents and adults.
Most
Pertussis is increasing in incidence, shifting to infants, adolescents, adults Worldwide, an estimated 20 to 40 million cases of pertussis occur each year. 13 
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over the last several years, although the disease is still significantly underreported. An average of 6,000 to 8,000 cases per year were reported in the 1990s, but in 2004 and 2005 more than 25,000 cases were reported each year, which is the highest level since the nadir of pertussis cases in the 1970s. 1 Before pertussis vaccine was widely used, pertussis mostly affected school-age children, but now it has shifted to very young infants who have not received their full course of vaccinations and to adolescents and adults (FIGURE 1). 14-16 Almost 40% of reported cases in 2004 and 2005 were in the 10-to-19-yearold age group. A recent prospective study estimated the incidence of pertussis in the 15-to-64 age group to be 3 to 4 cases per 1,000 persons per year in the United Statesalmost 1 million cases per year. 17 In states with enhanced surveillance for pertussis, adolescents have one of the highest incidence rates of pertussis of all age groups. 18, 19 Furthermore, adolescents and adults are important reservoirs and sources of Bordetella pertussis transmission and infection for unimmunized or partially immunized infants and children. [20] [21] [22] [23] [24] New pertussis vaccines for adolescents and adults The first vaccines against pertussis consisted of killed B pertussis organisms, and in 1914 a licensed whole-cell pertussis vaccine became available. 25 The whole-cell vaccine was then combined with diphtheria and tetanus toxoids in a vaccine (DTwP) that became widely Pertussis is shifting to infants, adolescents, and young adults 
DTaP is for infants and small children, Tdap is for teens and adults
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available in 1948. However, whole-cell pertussis vaccines were associated with unfavorable reactions 25 and the unproven perception that they might cause rare, but serious, adverse reactions. Acellular pertussis vaccines, containing purified components associated with the bacteria's pathogenesis, were first developed in Japan, where two deaths following pertussis vaccination in the mid-1970s led to low public acceptance of whole-cell vaccines. 26 In the United States, combination vaccines that contain diphtheria toxoid, tetanus toxoids, and acellular pertussis (DTaP) have been available and in use for children since the 1990s. 25 Available products are Daptacel, Infanrix, Pediarix, and Tripedia.
In 2005, two combination vaccines that contain the same ingredients but in different amounts were licensed for use in adolescents and adults in the United States. 27, 28 These are abbreviated as "Tdap" rather than DTaP because they contain less diphtheria toxoid and acellular pertussis-capital letters indicate more antigen.
Boostrix (GlaxoSmithKline) is licensed for use in people 10 through 18 years of age.
Adacel (sanofi pasteur) is licensed for use in people 11 through 64 years of age.
Both Boostrix and Adacel were approved on the basis of safety and immunogenicity assessments, without any data about clinical efficacy. 27, 28 However, most adults and adolescents who received a single booster dose of Tdap achieved higher antibody levels than infants who had received three doses of comparable DTaP vaccines, 18 suggesting that these vaccines should be protective in these age groups. In a study in people 18 to 64 years of age, 17 an acellular pertussis vaccine demonstrated up to 92% protective efficacy, supporting the concept that vaccinating adolescents and adults should provide them with significant protection. Postlicensure studies are necessary to determine the duration of protection after vaccination and whether there is a need for further booster doses.
Acellular pertussis vaccines are generally safe and well tolerated. Both of the US Tdap vaccines had acceptable profiles for local and systemic events, comparable with those with Td vaccines, which contain only tetanus toxoid and reduced-dose diphtheria toxoid. Injection site pain was the most frequent adverse event reported with Boostrix, Adacel, and the Td vaccines. However, Adacel recipients experienced more fever (temperature > 100.4˚F; [38.0˚C]) than Td recipients (5% vs 2.7%, respectively). 18, 28 In general, Tdap is recommended for all adolescents 11 to 18 years of age (TABLE 2) , with a preferred age of immunization of 11 to 12 years of age. 29 
■ MENINGOCOCCUS
Even more fatal in adolescents than in infants and children Invasive meningococcal disease, caused by Neisseria meningitidis, is infrequent (approximately 1,400 to 3,000 cases occur in the United States annually) but has high morbidity and mortality rates and often has a fulminant course leading to death within hours. 30 The most common clinical forms are meningitis (47% of cases), bacteremia and sepsis (43%), and pneumonia (6%). 31 The case fatality rate is 10% to 14%, and 11% to 19% of survivors suffer serious sequelae such as deafness, neurologic deficit, or limb loss. [32] [33] [34] [35] Despite major advances in medical and supportive care, the mortality rate in invasive meningococcal disease has not declined over the past 20 or 30 years.
Meningococcal disease is often accompanied by a petechial rash.
Meningococcemia can be a fulminant illness characterized by a nonspecific febrile illness followed by rapid deterioration. Many deaths occur within 12 hours of the onset of illness and almost all within 48 hours. Adolescents 15 years or older are more likely than infants and children to have meningococcemia without meningitis (40% vs 20%, respectively), shock at presentation (69% vs 27%, respectively), and a fatal outcome (22.5% vs 4.6%). 36, 37 Outbreaks of invasive meningococcal disease have occurred in military recruits and college freshmen in dormitories Two peaks in incidence The annual incidence of invasive meningococcal disease in the United States is approximately 1 per 100,000 population. The incidence is highest in infants younger than 12 months, and 35% to 40% of cases are in children younger than 5 years, but there is a second, smaller peak in adolescents (FIGURE 2) . 38 In the United States, 16% of cases are among infants younger than 1 year, and 20% of cases are in adolescents and young adults 14 to 24 years of age. 32 N meningitidis is transmitted by respiratory droplets, requiring direct, close contact. However, carrier rates of disease-associated meningococcal strains in the general public are usually less than 5%. 30 Risk factors for invasive meningococcal disease, in addition to age, include inherited deficiency of properdin or complement (C5-C9 or C3), anatomic or functional asplenia, household crowding, cigarette smoking (active or passive), recent viral respiratory infection, and close contact with a person with meningococcal disease. 37, 39 Also, blacks and people of low socioeconomic status have a higher incidence of invasive meningococcal disease than white and Asian ethnic groups.
Outbreaks of invasive meningococcal disease have occurred among those living in close quarters, such as military recruits and college freshmen in dormitories. 40 The incidence of invasive meningococcal disease in freshmen living in dormitories is nearly 3.6 times higher than in all people age 18 to 23 years (5.1 vs 1.4 per 100,000 person-years, respectively) and 8.5 times higher than the incidence among all college and university students (0.6 per 100,000 person-years). 40 More than 98% of cases in the United States are sporadic, but the frequency of localized outbreaks has increased since 1991. 41 
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Meningococcal disease is seasonal, with the number of cases peaking in December and January. 30 FIGURE 3) . 32, 40, 42 In infants younger than 1 year, more than half of the cases of invasive meningococcal disease in 2002 were due to serogroup B. 32, 37 However, a vaccine against serogroup B has been hard to develop, owing to difficulties inducing an adequate immune responses to its capsular polysaccharide antigen, which shares antigenic properties with a human neural adhesion molecule. 30 In people 11 to 18 years of age, 75% of cases of invasive meningococcal disease are caused by serogroups A, C, Y or W-135. 30, 43 A new conjugate meningococcal vaccine A polysaccharide meningococcal vaccine against serogroups A, C, Y, and W-135 (MPV4, Menomune-A, C, Y, W-135, sanofi pasteur) was recommended for use in people 2 years of age and older at high risk of invasive meningococcal disease. 43 However, polysaccharide vaccines are not immunogenic in children younger than 2 years and do not provide long-term protection because they are Tcell-independent antigens. In addition, polysaccharide vaccines do not reduce nasopharyngeal carriage or elicit herd immunity. 44 Conjugate vaccines covalently link the polysaccharide antigen to an immunogenic protein carrier that is recognized by T cells and stimulates T-cell-dependent immunity to the covalently linked (conjugated) polysaccharide. 45 The advantages of conjugated vaccines have been proven by the successful implementation of polysaccharide-protein conjugate vaccines against Haemophilus influenzae type b and Streptococcus pneumoniae, which proved highly effective in infants and also reduced nasopharyngeal carriage, leading to herd immunity. 44 Use of a conjugate monovalent meningococcal C vaccine in the United Kingdom resulted in an 86.7% reduction in laboratoryconfirmed meningococcal C disease in vaccine recipients. This vaccination program also demonstrated reductions in nasopharyngeal carriage and meningococcal C disease incidence in people who did not receive the vaccine. [46] [47] [48] [49] [50] Menactra (sanofi pasteur; also known as MCV4) is a conjugate meningococcal vaccine against serogroups A, C, Y, and W-135. It was licensed in 2005 in the United States for use in people 11 to 55 years of age 51 on the basis of immunologic correlates of protection, similar to the conjugate meningococcal C vaccine used in the United Kingdom. Recommendations for meningococcal vaccination are shown in TABLE 2. The vaccine, if 100% effective, could reduce the burden of meningococcal disease by two thirds among people 18 to 23 years old. 43 Adverse reactions. In randomized controlled trials, MCV4 had rates of systemic adverse reactions similar to those of MPV4. However, the rates of fever (temperature ≥ 100.0˚F, 38.8˚C) were higher in MCV4 recipients than in MPV4 recipients (5.1% with MCV4 vs 3.0% with MPV4 in those 11 to 18; 1.5% with MCV4 vs 0.5% with MPV4 in those 18 to 55), although rates of high fever (≥ 103.1˚F [39.5˚C]) were similar with either vaccine in those 11 to 18 years old. In addition, in those 11 to 18, local adverse reactions were more frequent with MCV4 than with MPV4 (redness 10.9% vs 5.7%, swelling 10.85% vs 3.68%, induration 15.7% vs 5.2%, pain 59.2% vs 28.7%). 38, [51] [52] [53] The difference in the frequency of local reactions is most likely due to the diphtheria toxoid contained in the conjugate vaccine, as the rate of local reactions with MCV4 is similar to that reported after Td vaccination. 51, 52 Ten months after Menactra was licensed, the CDC and the US Food and Drug Administration reported a possible association with Guillain-Barré syndrome. 54 Through September 2006, a total of 17 cases among Menactra recipients were reported to the Vaccine Adverse Events Reporting System (VAERS). The available data suggest the risk is small (relative risk 1.78, 95% confidence interval 1.02-2.85). However, the data for both the background incidence of Guillain-Barré syndrome and the VAERS reporting are quite limited. 55 Preliminary data from the Vaccine Safety Datalink, a collaborative project of the CDC and eight managed care organizations, have not identified any cases of Guillain-Barré syndrome among 126,506 doses of Menactra. Therefore, because of the increased risk and associated morbidity and mortality of meningococcal disease in adolescents, the recommendations for use of MCV4 remain unchanged. 55 
Meningococcal serogroups
■ HUMAN PAPILLOMAVIRUS
The most common sexually transmitted disease in the United States HPV infects the squamous epithelium of the skin and mucosa, and different genotypes preferentially infect specific epithelial sites and body locations.
More than 30 of the approximately 100 HPV genotypes infect the genital tract. Genital HPV infection is the most common sexually transmitted infection in the United States (TABLE 3) . 56, 57 The virus is primarily transmitted by sexual contact (genital-genital, manual-genital, oral-genital), and consistent use of condoms may reduce the risk of genital HPV infection. 58 HPV can also be vertically transmitted from mother to newborn via the genital tract.
Risk factors for HPV infection include young age, lifetime number of sexual partners, early age at first sexual intercourse, smoking, and oral contraceptive use. For men, being uncircumcised is a risk factor. [59] [60] [61] [62] 61 which emphasizes that any preventive strategy must be implemented before adolescents become sexually active.
HPV causes cervical cancer, genital warts
More than 90% of new HPV infections in college women spontaneously clear from the genital tract within 2 years. 63 However, persistent infection with so-called high-risk genotypes is associated with the development of cervical dysplasia, which may progress to cervical intraepithelial neoplasia (CIN) and ultimately to cervical cancer. 64 Over the past 20 years, we have learned that HPV infection is necessary for the development of cervical cancer, meaning that this type of cancer can be prevented through vaccination. Infection with a high-risk (oncogenic) HPV type is the most significant risk factor in the development of cervical cancer, with HPV types 16, 18, 31, 33 , and 45 being detected in 63% to 97% of invasive cervical cancer cases worldwide. 65, 66 Together, HPV 16 and HPV 18 account for most cases of cervical cancer worldwide (54% and 13%, respectively). 66 An estimated 6.2 million people in the United States are infected with HPV each year, and 9.2 million people 15 to 24 years of age are currently infected. 67 Worldwide, 9% to 13% of people are thought to be infected-approximately 630 million. In the United States, approximately 10,000 women contract cervical cancer each year; 10 women die of it every day. Worldwide, the World Health Organization estimates that 510,000 new cases of cervical cancer occur each year, making it the second leading cause of female cancer-related deaths worldwide after breast cancer. 68 
HPV vaccines
One HPV vaccine is currently available, and another is in development.
Gardasil (Merck & Co.), a quadrivalent vaccine against HPV types 6, 11, 16, and 18, was licensed in June 2006. 69 HPV 6 and HPV 11 are responsible for over 90% of anogenital warts. 68 Gardasil was evaluated in 20,541 women 16 to 26 years of age in four studies. In women who were seronegative for any of the serotypes contained in the vaccine by serologic and polymerase chain reaction testing, the vaccine was 100% efficacious in preventing HPV 16- 
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10,000 US women contract cervical cancer each year, and 10 women die of it every day dysplastic lesions. Efficacy against genital warts related to HPV types 6, 11, 16, or 18 in women who had never been exposed to these serotypes at enrollment ranged from 98.9% to 100%. [70] [71] [72] Overall, the vaccine was well tolerated; the most common vaccine-related reactions were pain (in 84% of subjects), swelling (25%), erythema (25%), and pruritus (3%) at the injection site, and these were felt to be mild or moderate. 70 The vaccine was also studied for immunogenicity and safety in girls 9 to 15 years of age. The immunogenicity of Gardasil in this age group was greater than the immune responses seen in women 18 to 26 years of age. Based on these bridging immunogenicity data, Gardasil is indicated for girls and women 9 to 26 years of age.
Vaccines against sexually transmitted infections are most effective when given before the onset of sexual activity. The HPV vaccine is recommended to be routinely given as a three-dose series (ie, with booster doses at 2 and 6 months after the first dose) to girls 11 to 12 years of age. The recommendations also allow for the vaccine to be given to girls as young as 9 years of age as well as to girls and women 13 to 26 years of age. Ideally, they should be vaccinated before the onset of sexual activity, although sexually active females should also be vaccinated. 72 Cervarix, an HPV vaccine that is being developed by GlaxoSmithKline, targets HPV types 16 and 18 and is also given in three doses (with booster doses 1 and 6 months after the first dose). This vaccine was 91.6% protective against infection with HPV 16 and 18 and 100% protective against persistent infection in one study. The vaccine was also 93% effective against atypical squamous cells of undetermined significance or highergrade pathology. 73 
■ HERPES SIMPLEX
Herpes simplex virus (HSV) is another common sexually transmitted infection in the United States. More than one in five Americans over 12 years of age is infected with genital herpes. 74, 75 At least 50 million people in the United States are estimated to have genital HSV infection, with an estimated 500,000 to 700,000 cases of symptomatic first-episode genital HSV infection occurring annually.
Most genital herpes infections are due to HSV type 2, but the incidence of HSV-1 as a cause of genital herpes is increasing.
Fewer than 10% of people who test positive for HSV know they are infected, implying that most infected persons have unrecognized symptomatic or asymptomatic infections. 74 However, in its classic form, primary infection begins with macules and papules that progress to vesicles, pustules, and ulcers, which then crust over. Localized symptoms include pain at the site of the lesions and tender regional adenopathy. Urethritis and cervicitis may occur with genital acquisition. During a clinically apparent first episode, approximately two thirds of women and 40% of men experience constitutional symptoms such as fever, headache, malaise, and myalgias. 76 Because HSV is a herpesvirus, it travels retrograde to sensory nerve ganglia, where it establishes latency and can reactivate intermittently.
Recurrent genital HSV-2 infections may be symptomatic or asymptomatic. 77, 78 Within 12 months after the diagnosis of genital HSV-2 infection, 90% of patients have at least one recurrence, 38% have six or more recurrences, and 20% have 10 or more recurrences. 79 Genital HSV-1 infections recur less frequently than HSV-2 infections. 76, 77 An HSV-2 vaccine is under study A candidate vaccine against HSV-2 (HSV-2 gD subunit vaccine) is currently undergoing clinical trials. In two large phase III studies in women and men, the vaccine was demonstrated to be safe. 80 However, it had no apparent efficacy against genital herpes disease among either women and men.
In a subset analysis among women who were seronegative to both HSV-1 and HSV-2, the vaccine's efficacy against genital herpes disease (HSV-1 or HSV-2) was 74%. However, the study was not designed to assess efficacy of the vaccine in women seronegative to HSV-1 and HSV-2. A phase III study of the vaccine in this population is ongoing.
■ Fewer than 10% of people who test positive for HSV know they are infected
